Identification of sensor cysteines in human Keap1 modified by the cancer chemopreventive agent sulforaphane.
The chemopreventive agent sulforaphane is an isothiocyanate derived from cruciferous vegetables. Sulforaphane exerts cancer chemopreventive effects by inducing antioxidant/electrophile response element (ARE)-regulated phase 2 enzyme and antioxidant genes through activation of the transcription factor nuclear factor-E2-related factor 2 (Nrf2), which is regulated by the thiol-rich sensor protein Kelch-like ECH-associated protein 1 (Keap1). Sulforaphane is an electrophile that can react with protein thiols to form thionoacyl adducts. We hypothesized that, like other electrophilic Nrf2 activators, sulforaphane activates this system through specific modifications of the Keap1 protein. However, thionoacyl adducts are labile to hydrolysis and transacylation reactions, which complicate the identification of the sulforaphane adduct sites on Keap1. In this study, we characterized the stability of sulforaphane thionoacyl adducts and developed a liquid chromatography-tandem mass spectrometry method to map labile sulforaphane adduct sites formed on Keap1 in vitro. Sulforaphane displays a distinctly different pattern of Keap1 modification than previously studied ARE inducers that modify Keap1 by alkylation. Sulforaphane modified Keap1 most readily in the Kelch domain, rather than in the central linker domain, which is targeted by previously characterized ARE inducers. Also, in contrast to previously studied ARE inducers and as reported recently [Zhang, et al. (2005) J. Biol. Chem. 280, 30091-30099], sulforaphane treatment in vivo does not lead to the accumulation of ubiquitinated Keap1. Our observations suggest a novel mechanism for Nrf2 stabilization by sulforaphane-Keap1 thionoacyl adduct formation.